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$L^{2}(\mathrm{R}^{2}/\Lambda)$ , $\mathrm{R}^{2}/\Lambda$ L2-
:
$L^{2}( \mathrm{R}^{2}/\Lambda):=\{V : \mathrm{R}^{2}/\Lambdaarrow \mathbb{C}, \int_{\mathrm{R}^{2}/\Lambda}|V(\mathrm{x})|^{2}dxdy<\infty\}$.
, $\mathrm{x}=(x, y)\in \mathrm{R}^{2}$ .
$\mathrm{R}^{2}/\Lambda$ 3 $\mathrm{R}^{3}$ $C^{\infty}-$ (immersion)
$\mathrm{I}\mathrm{m}\mathrm{m}(\mathrm{R}^{2}/\Lambda, \mathrm{R}^{3}):=\{F:\mathrm{R}^{2}/\Lambdaarrow \mathrm{R}^{3}|C^{\infty}- \text{ }\}\subset \mathrm{C}^{\infty}(\mathrm{R}^{2}/\Lambda, \mathrm{R}^{3})$
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, Willmore (Willmore functional) ,
$\mathcal{W}:\mathrm{I}\mathrm{m}\mathrm{m}(\mathbb{R}^{2}/\Lambda,\mathrm{R}^{3})\ni Frightarrow\int_{\mathrm{R}^{2}/\Lambda}H^{2}dA\in \mathbb{R}$
. , $H$ , $F$ , $dA$ , $F$
. Willmore R3 F
, – .
$\mathcal{T}_{1}\cong\{\tau\in \mathbb{C}|{\rm Im}(\tau)>0\}$ 1 .
$\tau\in \mathcal{T}_{1}$ , $\Lambda=\mathbb{Z}1+\mathbb{Z}\tau$ $\mathbb{R}^{2}/\Lambda$ , $\mathrm{R}^{2}/\Lambda$
3 $\mathrm{R}^{3}$ $C^{\infty}-$ (conformal immersion)
,
CImm$(\mathrm{R}^{2}/\Lambda,\mathbb{R}^{3})$
$:=${ $F:\mathbb{R}^{2}/\Lambdaarrow \mathrm{R}^{3}|$ $C^{\infty}-$ }\subset Imm(R2/\Lambda , $\mathrm{R}^{3}$ )
.
Willmore $\mathcal{W}$ CImm$(\mathbb{R}^{2}/\Lambda, \mathrm{R}^{3})$
$\mathcal{W}:\mathrm{C}\mathrm{I}\mathrm{m}\mathrm{m}(\mathrm{R}^{2}/\Lambda,\mathrm{R}^{3})\ni Frightarrow\int_{\mathrm{R}^{2}/\Lambda}H^{2}dA\in \mathrm{R}$
. - , $F\in \mathrm{C}\mathrm{I}\mathrm{m}\mathrm{m}(\mathrm{R}^{2}/\Lambda, \mathbb{R}^{3})$ , $F$ 1
$U$ , Fermi





– L2(R2/A) V, W
Fermi [A-T] 32
$V,$ $W$ $L^{\infty}(\mathrm{R}^{2}/\Lambda)$ $F(V, W)$ $\mathbb{C}^{2}$ 1
Schmidt [Sch] – $L^{2}(\mathrm{R}^{2}/\Lambda)$ $V,$ $W$
[A-T] 5
,
(0.1) $\mathcal{M}_{\Lambda}:=\{F(V, W)|V, W\in L^{2}(\mathrm{R}^{2}/\Lambda)\}$
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. - , 2 Fermi





$F(V, W)/\Lambda^{*}$ (normalization) $N(V, W)$ , (normalization maP) ,
$\nu$ : $N(V, W)arrow F(V, W)/\Lambda^{*}$
.
. $\mathbb{C}^{2}$ 2 :
$\rho:\mathbb{C}^{2}arrow \mathbb{C}^{2},$ $k\mapsto\overline{k}$ , $\eta:\mathbb{C}^{2}arrow \mathbb{C}^{2},$ $k\mapsto-\overline{k}$
, Fermi :
$\rho:F(V, W)\underline{\simeq}\mathcal{F}(\overline{V},\overline{W})$ , $\eta:F(V, W)\cong F(\overline{W},\overline{V})$
, , $U\in L^{2}(\mathrm{R}^{2}/\Lambda)$ , $F(U,\overline{U})$ $\eta$ : $k\ovalbox{\tt\small REJECT}\mapsto-\overline{k}$
, , U , F(U, U) \rho :k\leftrightarrow k-
. , $\sigma=\eta\circ\rho:krightarrow-k$ ,
$\sigma$ : $F(V, W)\cong F(W, V)$
.
: $V,$ $W=0$ Fermi $F(\mathrm{O}, 0)$









$(k_{\kappa}^{-}, k_{\kappa}^{+})$ – :
$k_{\kappa}^{-}=$ $(- \frac{\kappa_{1}}{2}-\sqrt{-1}\frac{\kappa_{2}}{2},$ $- \frac{\kappa_{2}}{2}+\sqrt{-1}\frac{\kappa_{1}}{2})$
$k_{\kappa}^{+}=$ $( \frac{\kappa_{1}}{2}-\sqrt{-1}\frac{\kappa_{2}}{2},$ $\frac{\kappa_{2}}{2}+\sqrt{-1}\frac{\kappa_{1}}{2})$ $=k_{\kappa}^{-}+\kappa$
$\mathbb{C}$ 2 : $N(\mathrm{O}, 0)=\mathbb{C}\mathrm{U}\mathbb{C}$
$V,$ $W$ $F(V, W)/\Lambda^{*}$
$(F(V, W)\cap\{k\in \mathbb{C}^{2}|||k||<\delta^{-1}\})/\Lambda^{*}$
( $\delta$ ) $F(\mathrm{O}, 0)$/A’( )
2 (zlz2 $=$






$D(V, W, k)=$ $\lambda$- $\Psi$
$\Psi(\mathrm{x})=\exp(2\pi\sqrt{-1}\langle k, \mathrm{x}\rangle)\varphi(\mathrm{x})$ , $\varphi\in L_{1}^{2}(\mathbb{R}^{2}/\Lambda, k)$





. $k=\in \mathbb{C}^{2}$ . $karrow k+\gamma,$ $\gamma\in\Lambda^{*}$ , $\Psi$ , $k$
$[k]$ .
, $\varphi,$ $\psi\in L^{2}(\mathrm{R}^{2}/\Lambda, \mathbb{C}^{2})$
$\tilde{D}(V, W, [k])\psi=\lambda\psi$, $\tilde{D}^{t}(V, W, [k])\varphi=\lambda\varphi$
. $\Delta$ $\mathbb{R}^{2}$ A , $L^{2}(\Delta)\cross L^{2}(\Delta)$




$\langle\langle\varphi([k], \lambda’), \psi([k], \lambda)\rangle\rangle=0$
104
,(03) $P([k], \lambda)P([k], \lambda’)=P([k], \lambda’)P([k], \lambda)=0$
. , $P$ 1 , $Pdk_{1}$ A $dk_{2}$
. , A $\{\gamma_{1},\gamma_{2}\}$ ,
$p_{1}=\langle\gamma_{1}, k\rangle$ , $p_{2}=\langle\gamma_{2}, k\rangle$
, $\Lambda^{*}$ $\{\kappa_{1}, \kappa_{2}\}$ ,
$k=p_{1}\kappa_{1}+p_{2}\kappa_{2}$






. , $\tilde{D}(V, W, [k])\psi([k], \lambda)=\lambda\psi([k], \lambda)$ $p_{2}$ ,
$\frac{\partial\tilde{D}}{\partial p_{2}}\psi+\tilde{D}\frac{\partial\psi}{\partial p_{2}}=\frac{\partial\lambda}{\partial p_{2}}\psi+\lambda\frac{\partial\psi}{\partial p_{2}}$
. ,
$\langle\langle\varphi([k], \lambda), (\tilde{D}-\lambda)\frac{\partial\psi}{\partial p_{2}}\rangle\rangle$
$=((\tilde{D}^{t}\varphi([k], \lambda),$
$\frac{\partial\psi}{\partial p_{2}}\rangle\rangle-\lambda(\langle\varphi([k], \lambda), \frac{\partial\psi}{\partial p_{2}}\rangle\rangle=0$
,
$\frac{\partial\lambda}{\partial p_{2}}\langle\langle\varphi([k], \lambda), \psi([k], \lambda)))=\langle(\varphi([k], \lambda), \frac{\partial\tilde{D}(V,W,[k])}{\partial p_{2}}\psi([k], \lambda)\rangle\rangle$
$=\pi\{(\kappa_{22}+\sqrt{-1}\kappa_{21})\langle\varphi_{1}, \psi_{\mathit{2}}\rangle_{L^{2}}+(\kappa_{22}-\sqrt{-1}\kappa_{21})\langle\varphi_{1}, \psi_{1}\rangle_{L^{2}}\}$
105





$= \frac{\pi}{\gamma_{11}\gamma_{\mathit{2}\mathit{2}}-\gamma_{12}\gamma_{21}}\{(\gamma_{11}-\sqrt{-1}\gamma_{12})(\varphi_{1}, \psi_{\mathit{2}}\rangle+(\gamma_{11}+\sqrt{-1}\gamma_{22})\langle\varphi_{\mathit{2}}, \psi_{1}\rangle\}$
.
$\langle\langle$ , $\rangle\rangle_{\gamma_{1}}:=\frac{\gamma_{11}\gamma_{\mathit{2}2}-\gamma_{1\mathit{2}}\gamma_{21}}{\pi}\frac{\partial\lambda}{\partial p_{\mathit{2}}}\langle\langle, \rangle\rangle$
,
$\langle\langle\varphi([k], \lambda),\psi([k], \lambda)\rangle\rangle_{\gamma\iota}=.(\gamma_{11}-\sqrt{-1}\gamma_{12})\langle\varphi_{1}, \psi_{2}\rangle+(\gamma_{11}+\sqrt{-1}\gamma_{22})(\varphi_{2},$ $\psi_{1}\rangle$
,
(0.4) $\frac{\partial\lambda}{\partial p_{\mathit{2}}}\langle\langle\varphi([k], \lambda), \psi([k], \lambda)\rangle\rangle=\frac{\pi}{\gamma_{11}\gamma_{2\mathit{2}}-\gamma_{12}\gamma_{21}}\langle\langle\varphi([k], \lambda), \psi([k], \lambda)\rangle\rangle_{\gamma_{1}}$
. ,
$P_{\gamma_{1}}([k], \lambda)\chi:=\frac{\langle\langle\varphi([k],\lambda),\chi\rangle\rangle_{\gamma 1}}{(\langle\varphi([k],\lambda),\psi([k],\lambda)\rangle)_{\gamma_{1}}}\psi([k], \lambda)$
, $P$ $P_{\gamma 1}$ 1 , $([k], \lambda)\neq([k’], \lambda),$ $\langle\gamma_{1}, k\rangle\equiv$
$\langle\gamma_{1}, k’\rangle$ mod $\mathbb{Z}$
(05) $P_{\gamma_{1}}([k], \lambda)P_{\gamma_{1}}([k’], \lambda)=0=P_{\gamma_{1}}([k’], \lambda)P_{\gamma_{1}}([k], \lambda)$
. (0.4) , $P$ $P_{\gamma_{1}}$ – , $P_{\gamma_{1}}dp_{1}\wedge d\lambda=$
$( \frac{\partial\lambda}{\partial p2})P_{\gamma 1}dp_{1}\wedge dp_{2}$ $B(V, W)/\Lambda^{*}$ 2 , $P_{\gamma\iota}dp_{1}$ $F(V, W)/\Lambda^{*}$
1 . , $L^{2}(\mathrm{R}^{2}/\Lambda)\cross L^{2}(\mathrm{R}^{2}/\Lambda)$
$\mathcal{B}(V, W)/\Lambda^{*}$ $\tilde{P}_{\gamma 1}$
$\tilde{P}_{\gamma_{1}}=P_{\gamma_{1}}$
. , $\psi_{k}(\mathrm{x}):=\exp(2\pi\sqrt{-1}\langle \mathrm{x}, k\rangle)$ . ,




(V, $W$) , 2 , :
(i): $N(V, W)$ 2 .
.
(ii): $\psi$ $\nu^{*}\psi$ , $N(’ V, W)$
.
, $N(V, W)$ 2 $(\infty^{-}, \infty^{+})$
$\mathrm{Y}$ , $k=(k_{1}, k_{\mathit{2}})$ $\mathrm{Y}$
. , .
, $(\mathrm{Y}, \infty^{-}, \infty^{+}, k)$ ,
(a) $\mathrm{Y}$ 1 .
(b) $\pm\infty$ , 2 \infty .
(c) , $\pm\infty$ 1 , $k$ $\mathrm{Y}\backslash$
$\{\infty^{-}, \infty^{+}\}$ .
. (i),(ii) $(Y, \mathrm{o}\mathrm{o}^{-}, \infty^{+}, k)$ ,
(1.1) $\mathcal{F}(\mathrm{Y}, \infty-, \infty k+,):=\mathrm{Y}-\{\infty^{-}, \infty^{+}\}$ $k$ $(\subset \mathbb{C}^{2})$
. $(\mathrm{Y}, \infty^{-}, \infty^{+}, k)$ Fermi (abstract Fermi curve) .
\rho , \eta \mbox{\boldmath $\sigma$} , Fermi Y .
([Sch], Lemma 2.27). $\mathrm{Y}$ , .
, Fermi $(\mathrm{Y}, \infty^{-}, \infty^{+}, k)$ (i),(ii),(iii) ,
$U$ ,
$F(U,\overline{U})=F(\mathrm{Y}, \infty-, \infty k+,)$ .
1.2
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(i) (Quasi-momenta$(\mathrm{i})$ ) $:k$ , 1 .
, $k_{1}-\sqrt{-1}k_{2},$ $k_{1}+\sqrt{-1}k_{2}$ , $\infty^{-},\infty^{+}$ .
$(\mathrm{i}\mathrm{i})(\mathrm{Q}\mathrm{u}\mathrm{a}\mathrm{s}\mathrm{i}- \mathrm{m}\mathrm{o}\mathrm{m}\mathrm{e}\mathrm{n}\mathrm{t}\mathrm{a}(\mathrm{i}\mathrm{i})):k$ , $\Lambda^{*}$ .
, $\Lambda^{*}$ .
(iii)(Quaei-momenta(i\"u)): $\mathrm{Y}$ , $\eta$
. $\eta^{*}k$ , $-\overline{k}$ .
$(\mathrm{i}\mathrm{v})(\mathrm{Q}\mathrm{u}\mathrm{a}\mathrm{s}\mathrm{i}- \mathrm{m}\mathrm{o}\mathrm{m}\mathrm{e}\mathrm{n}\mathrm{t}\mathrm{a}(\mathrm{i}\mathrm{v})):\mathrm{Y}$ , $\sigma$ .
$\sigma^{*}k$ , $-k$ .





$\mu:L^{\mathit{2}}(\mathrm{R}^{2}/\Lambda)\cross L^{2}(\mathrm{R}^{2}/\Lambda)\ni(V, W)\mapsto \mathcal{F}(V, W)\in \mathcal{M}_{\Lambda}$
(V, $W$) . (V, $W$)
$(\delta V, \delta W)$ , Fermi . , Fermi
1 ,
. . (V, $W$) $\in L^{\mathit{2}}(\mathrm{R}^{2}/\Lambda)\cross L^{2}(\mathrm{R}^{2}/\Lambda)$
$\delta(V, W)=(\delta V, \delta W)$ $\mu$
$d\mu(V.W)$ : $L^{2}(\mathrm{R}^{\mathit{2}}/\Lambda)\oplus L^{\mathit{2}}(\mathrm{N}^{2}/\Lambda)arrow T_{F(V,W)}\mathcal{M}_{\Lambda}$
,
$d\mu_{(V,W})((\delta V, \delta W))=\Omega_{(V,W)}(\delta V, \delta W)$
. , $F(V, W)$ 1 $\Omega_{(V,W)}$ ,
$\Omega_{(V,W)}(\delta V, \delta W):=\delta p_{2}dp_{1}-\delta p_{1}dp_{2}$
. Bloch , $F(V, W)$ $\lambda(p_{1},p_{2})=0$
. , $t$ $p_{1}=p_{1}(t),$ $p_{2}=p_{2}(t)$ ,
$\delta p_{1}=\frac{\partial p_{1}}{\partial t}|_{t=0}$ , $\delta p_{2}=\frac{\partial p_{2}}{\partial t}|_{t=0}$
108
. $\lambda(p_{1}(t),p_{2}(t))\equiv 0(|t|<\epsilon)$ , Fermi
( $\lambda$ , $\lambda$ ) :
2 :
$\delta p_{2}dp_{1}-\delta p_{1}dp_{2}=-\frac{\delta\lambda(p_{1},p_{2})}{\frac{\partial\lambda}{\phi_{2}}}dp_{1}=\frac{\delta\lambda(\mathrm{p}_{1},p_{2})}{\frac{\partial\lambda}{\partial p_{1}}}dp_{2}$
, $\delta p_{1}=0$ .
(2.1) $\Omega_{(V,W)}(\delta V, \delta W)=\delta p_{2}dp_{1}=\frac{\partial p_{2}}{\partial\lambda}\frac{\partial\lambda}{\partial t}dp_{1}|_{t=0}$ .
,
$P \frac{\partial D}{\partial t}\psi=\frac{\langle\langle\varphi,(\lambda-D)_{\theta t}^{Q}\rangle\rangle+\langle\langle\varphi,\frac{\partial\lambda}{\partial t}\psi\rangle\rangle}{\langle\langle\varphi,\psi\rangle\rangle}\psi=\frac{\partial\lambda}{\partial t}\psi$
, $P$ 1










$\Omega_{(V,W)}(\delta V, \delta W)=\frac{\partial p_{2}}{\partial\lambda}\mathrm{t}\mathrm{r}\mathfrak{X}\mathrm{e}$ $(P \circ\frac{\partial D}{\partial t})dp_{1}|_{t=0}$
(Z4) $= \mathrm{t}\mathrm{r}\mathrm{a}\mathrm{c}\mathrm{e}(P_{\gamma\iota}\mathrm{o})\frac{dp_{1}}{\pi}$
$=\mathrm{t}\mathrm{r}\mathrm{a}\mathrm{c}\mathrm{e}$ ($P_{\gamma_{1}}\mathrm{o}$ ( $\sqrt{\kappa_{22}--1\kappa_{21}}^{\delta W}0$)) $\frac{d\mathrm{p}_{1}}{\pi}$
.
1 ([Sch], Lemma 3.1). $\delta V,$ $\delta W\in L^{2}(\mathrm{R}^{2}/\Lambda)$ $V,$ $W$ . ,
(2.5) $\Omega_{(V,W)}(\delta V,\delta W)=\mathrm{t}\mathrm{r}\mathrm{a}\mathrm{c}\mathrm{e}(P_{\gamma\iota}\mathrm{o}$
Fermi 1 , $\Lambda$ $\{\gamma_{1}, \gamma_{\mathit{2}}\}$ .
. $P_{\gamma_{1}}dp_{1}$ 1 , $\Omega_{\{V,W)}(\delta V, \delta W)$ 1




. $\{\gamma_{1)}^{J}\gamma_{2}’\}$ A . P’l=\langle , $k\rangle$ , $p_{2}’=\langle\gamma_{2}’, k\rangle$ ,
$p_{1}’=ap_{1}+bp_{2},p_{2}’=cp_{1}+dp_{\mathit{2}}$ ,







$\langle\kappa_{2}, \kappa_{2}\rangle\neq 0fS\check{\mathrm{b}}\#\ovalbox{\tt\small REJECT}(_{\kappa_{22}-\sqrt{-1}\kappa_{21}}0$ $\kappa_{22}+\sqrt{-1}\kappa_{21)}0$ ,




$(D(V, W, 0)+p_{1}\pi(_{\kappa_{12}-\sqrt{-1}\kappa_{11}}0$ $\kappa_{1\mathit{2}}+\sqrt{-1}\kappa_{11)}0)$
(Schmidt $-p_{2}\pi$






$\Leftrightarrow$ $\tilde{D}(V, W, k)\tilde{\psi}=0$
, $k=p_{1}\kappa_{1}+p_{2}\kappa_{2}$ .
([Sch], Lemma 3.2). $f$ , $F(V, W)/\Lambda^{*}$ $\mathcal{U}$
. , $L^{\mathrm{p}}(\mathrm{R}^{2}/\Lambda)\cross L^{p}(\mathrm{R}^{2}/\Lambda)arrow$
$IP’(\mathrm{R}^{2}/\Lambda)\cross L^{p’}(\mathrm{R}^{2}/\Lambda),$ $(1<p’<p<\infty)$ $\mathbb{C}$ $\tilde{A}_{f}$
:
(1) $(n_{1}, n_{2})\in \mathbb{Z}$ $p_{1}\in \mathbb{C}$
(2.9) $\tilde{A}_{f}(p_{1})\psi_{n_{1}\kappa_{1}+n_{2}\kappa_{2}}=\psi_{n\iota\kappa_{1}+n_{2}\kappa_{2}}\tilde{A}_{f}(p_{1}+n_{1})$
111
.(2) $[\tilde{A}_{f}(p_{1}),\tilde{D}_{\gamma_{1},\gamma_{2}}(V, W,p_{1})]$ $p_{1}$ , :
(2.10) $\delta\tilde{D}_{\gamma_{1},\gamma_{2}}(V, W, \cdot)=(_{\kappa}22+\delta VR_{-1\kappa},10$ $\frac{\delta W_{f}}{\kappa_{22}-\sqrt{-1}\kappa_{21},0})$
, $\delta V_{f},$ $\delta W_{f}\in\bigcap_{q<\infty}L^{q}(\mathrm{R}^{2}/\Lambda)$ $f$ .
, Fermi .
(3) $\delta V,$ $\delta W\in L^{2}(\mathrm{R}^{2}/\Lambda)$ , :
(2.11) ${\rm Res}_{\mathcal{U}}(f \cdot\Omega_{(V,W)}(\delta V, \delta W))=\frac{1}{2\pi^{2}\sqrt{-1}}\int_{\mathrm{R}^{2}/\Lambda}(\delta V\delta W_{f}-\delta W\delta V_{f})$ dy
. $f$ 1 $[k’]\in F(V, W)/\Lambda^{*}$ . $f$




, $p_{1}’=\pi([k’])$ , $L^{2}(\mathrm{R}^{2}/\Lambda)\cross L^{2}(\mathrm{R}^{2}/\Lambda)$
, . $\tilde{F}_{l\mathrm{i}\mathrm{n}\mathrm{g}}$ $()$ $\mathbb{C}$
.
(2.12)
$\tilde{A}_{f}(p_{1})=\sum_{(n_{1},n_{2})\in \mathrm{Z}^{2}}\psi_{n_{1}\kappa_{1}+n\mathrm{a}\kappa_{2}}\tilde{F}_{\epsilon \mathrm{i}\mathrm{n}\mathrm{g}}.(p_{1}+n_{1})\psi_{-n_{1}\kappa_{1}-n’ n_{2}}$
.
(1) .
(2) $(n_{1},n_{2})\in \mathbb{Z}^{2}$ $p_{1}\in \mathbb{C}$ ,




$= \sum_{(n_{1},n_{2})\in \mathrm{Z}^{2}}[\psi_{n_{1}\kappa_{1}+n_{2}\kappa \mathrm{a}}\tilde{F}_{\mathrm{s}\mathrm{i}\mathrm{n}\mathrm{g}}.(p_{1}+n_{1})\psi_{-n1\kappa_{1}-n\kappa_{2}},,\tilde{D}_{\gamma_{1,?2}}(p_{1})]$
$= \sum_{(n_{1},n_{2})\in \mathrm{Z}^{2}}\psi_{n_{1}\kappa_{1}+n_{2}\kappa_{2}}[\tilde{F}_{\epsilon \mathrm{i}\mathrm{n}\mathrm{g}}.(p_{1}+n_{1}),\tilde{D}_{\gamma\iota,\gamma_{2}}(p_{1}+n_{1})]\psi_{-n_{1}\kappa_{1}-n_{2}\kappa_{2}}$
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. (2.7) , $p_{1}$ , $\tilde{F}$ , $\tilde{F}_{-1}$
$\tilde{F}(p_{1})dp_{1}$ , $p_{1}=p_{1}’$ ,
(2.15) $[ \tilde{A}_{f}(p_{1}),\tilde{D}_{\gamma_{1},\gamma 2}(p_{1})]=\pi\sum_{\kappa\in\Lambda}.\psi_{\kappa}[\tilde{F}_{-1}, (^{\frac{\kappa_{12}\sqrt{=^{1}}\kappa_{11}}{\kappa_{22}\sqrt{1}\kappa_{21}0}}= \frac{\kappa_{12}+\sqrt{=^{1}}\kappa_{11}0}{\kappa_{22}+\sqrt{1}\kappa_{21}})]\psi_{-\kappa}$




. , $f$ $\delta V,$ $\delta W$
(2.16) $[\tilde{A}_{f}(p_{1}),\tilde{D}_{\gamma_{1},\gamma 2}(p_{1})]=(_{\frac{\delta V_{f}0}{\kappa_{22}+\varpi-\kappa_{21}}}$ $\frac{\delta W_{f}}{\kappa_{22}-\overline{-}\kappa_{21},0})=\delta\tilde{D}_{\gamma_{1\prime}\gamma \mathrm{z}}$
.
$\Omega_{(V_{1}W)}(\delta V_{f}, \delta W_{f})$
$= \mathrm{t}\mathrm{r}\mathrm{a}\mathrm{c}\mathrm{e}(\tilde{P}_{\gamma_{1}}\delta\tilde{D}_{\gamma_{1},\gamma_{2}})\frac{dp_{1}}{\pi}=\mathrm{t}r\mathrm{a}\mathrm{c}\mathrm{e}(\tilde{P}_{\gamma_{1}}[\tilde{A}_{f}(p_{1}),\tilde{D}_{\gamma\iota,\gamma_{2}}(p_{1})])\frac{dp_{1}}{\pi}$
$p_{1}\neq p_{1}’$ . $[\tilde{A}_{f}(p_{1}),\tilde{D}_{\gamma_{1},\gamma_{2}}(p_{1})]$ $p_{1}$
, $p_{1}$ $\tilde{P}_{\gamma 1}$ $\tilde{D}_{\gamma_{1},\gamma_{2}}(p_{1})$ , $\Omega_{(V,W)}(\delta V_{f}, \delta W_{f})=0$
$\mathcal{F}(V, W)/\Lambda^{*}$ . $\mathcal{F}(V, W)/\Lambda^{*}$
$\Omega_{(V,W)}(\delta V_{f}, \delta W_{f})\equiv 0$ .
(3) (2.5)
$=\mathrm{t}r$ace $({\rm Res}_{\mathrm{p}_{1}=\mathrm{p}_{1}},(\tilde{F}(p_{1})(\delta V\sqrt{\kappa_{22}+-1\kappa_{21}}0$ $\frac{\delta W}{\kappa_{22}-\sqrt{-1}\kappa_{21},0})\frac{dp_{1}}{\pi}))$
$= \frac{1}{\pi}\mathrm{t}\mathrm{r}\mathrm{a}\mathrm{c}\mathrm{e}(\tilde{F}_{-1}(_{\frac{\delta V0}{\kappa_{22}+\sqrt{-1}\kappa_{21}}}$ $\frac{\delta W}{\kappa_{22}-\sqrt{-1}\kappa_{21},0}))$
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$\delta V_{f},$ $\delta W_{f}$







( $\delta(\cdot)$ $\delta$ ),
$= \frac{1}{\pi}\frac{1}{\mathrm{V}\mathrm{o}\mathrm{l}(\mathrm{R}^{2}/\Lambda)}\int_{\mathrm{R}^{2}/\Lambda}\mathrm{t}\mathrm{r}\mathrm{a}\mathrm{c}\mathrm{e}(\sum_{n\in\Lambda}.\psi_{\kappa}\tilde{F}_{-1}\psi_{-\kappa}\cdot$
$= \frac{1}{2\pi^{2}\sqrt{-1}}\int_{\mathrm{R}^{2}/\Lambda}(\delta V\delta W_{f}-\delta V_{f}\delta W)dxdy$
.
2.2 Fermi
(i),(ii),(v) $g$ $(\mathrm{Y}, \infty^{-}, \infty^{+}, k)$
:




([Sch], Proposition 3.7). (1) Mg , $g+1$ .
(2) $(\mathrm{Y}, \infty^{-}, \infty^{+}, k)$ $\mathcal{M}_{g,\Lambda}$ , $\infty^{-},$ $\infty^{+}$ 2




2.3.1 (finite topology) (Hausdorff distance)
(X, $O$) $Cl(X)$ ,
. . , ,
$\{A\in Cl(X)|A\cap O\neq\emptyset\}$ , $\{A\in Cl(X)|A\subset O\}$
, $O\in O$ ,
Cl(X) . , X
, Cl(X) ,
– . X , Cl(X)
.
$\mathbb{C}^{\mathit{2}}$ – , ,
([Schl, Lemma 3.10). $Cl(\overline{\mathbb{C}^{2}})$ , .
.
, $F(V, W)$ $\mathbb{C}^{2}$ , $\mathbb{C}^{2}$ – –C2
$\overline{\mathcal{F}}(V, W)$ .







$\mathcal{M}_{\Lambda,\eta,\sigma}:=$ { $\mathcal{F}(U,\overline{U})|U\in L^{2}(\mathrm{R}^{\mathit{2}}/\Lambda)$ real},
$\mathcal{M}_{\Lambda,\eta,\sigma,\mathrm{w}}:=$ { $F(U,\overline{U})|U\in L^{2}(\mathrm{R}^{2}/\Lambda)$ real, $4||U||^{2}\leq \mathrm{w}$ },
$\mathcal{M}_{g,\Lambda,\eta}:=$ { $F\in \mathcal{M}_{g,\Lambda,\eta}|$ F/A’ $\leq g$},
$\mathcal{M}_{g,\Lambda,\eta.\mathrm{w}}:=\{\mathcal{F}(U,\overline{U})|U\in L^{2}(\mathbb{R}^{2}/\Lambda), 4||U||^{2}\leq \mathrm{w}\}$
([Sch], Lemma 3.2) , 1 , $(\mathrm{Y}, \infty^{-}, \infty^{+}, k)$
Fermi $F(\mathrm{Y}, \infty^{-},\infty^{+}, k)$
:
([Sch], Lamma 3.12). (i),(ii) $(\mathrm{Y}, \infty^{-}, \infty^{+}, k)$




$=\mathcal{W}(Y, \infty^{-}, \infty^{+}, k)=8\pi^{2}\sqrt{-1}\mathrm{V}\mathrm{o}\mathrm{l}(\mathrm{R}^{2}/\Lambda)\mathrm{R}\text{\’{e}}_{\infty}+(k_{1}dk_{2})$
. Fermi
$\langle k+\kappa, k+\kappa\rangle=0$ , $(\kappa\in\Lambda^{*})$
, . , $\tilde{A}_{f}(p_{1})=$
, ([Schl, Lemma 3.2) (1),(2) ,




, 1 . $\mathcal{F}(\mathrm{Y}, \infty^{-}, \infty^{+}, k)$ $f$ $\infty^{+}$
1, $\infty^{-}$ $-1$ , ([Sch], Lemma 3.2)
(2.11)




. – $\gamma_{2}=$ (2.17)
.
, g Fermi
$\overline{\mathcal{M}}_{g,\Lambda,\eta}:=$ { $F(\mathrm{Y},$ $\infty^{-},$ $\infty^{+},$ $k)|\mathcal{F}(\mathrm{Y},$ $\infty^{-},$ $\infty^{+},$ $k)$ $\leq g$}
. l W(Y, \infty \infty ’’, \infty \infty +, k) W













\mbox{\boldmath $\sigma$} M\Lambda ,\eta , M\Lambda ,\eta ,\mbox{\boldmath $\sigma$} . $\overline{\mathcal{M}}_{\Lambda,\eta,\sigma,\mathrm{w}}$
.
:
([Schl, Corollary 3.54). $\mathrm{w}>0$ , A $\mathrm{w}$ $g_{\max}$
, :M\Lambda ,\eta \eta ,\mbox{\boldmath $\sigma$},w F , (=F/A’
$\sigma$ ) 2 , $F\in\overline{\mathcal{M}}_{g_{\mathrm{m}\propto},\Lambda,\eta,\sigma,\mathrm{w}}$ .
2.4 Fermi
2.4.1 (Finite rank Perturbations)
$R(V, W, k, 0)$ (Finite rank Perturbations 3.22. [Sch, P99]) ,
(2.18) $\Psi_{D}(z, k)S_{D}(k)\Phi_{D}(z’, k)dx’\wedge dy’$
. ,
$D= \sum_{l=1}^{L}M_{l}z_{l}$ $\mathbb{C}/\Lambda$ ,
$\Psi_{D}$ , , $\Delta\backslash \{z_{1}, \cdots, z_{L}\}$ , $D(V, W, k)$ (kernel)
.
$\Phi_{D}$ , , $\Delta\backslash \{z_{1}, \cdots, z_{L}\}$ , $D(V, W, k)$ (cokernel)
.










L2(R2/A) Un U ( : )
, Un0n R2/A , U0+{ } .
$\mathrm{R}(U_{n},\overline{U}_{n}, k, 0)$ $\mathrm{R}(U,\overline{U}, k, 0)$ .
([Sch], $\mathrm{p}1\bm{3}0$ , Theorem 3.48). $\{U_{n}\}$ $L^{2}(\mathbb{R}^{2}/\Lambda)$
. , $\{U_{n:}\}$ $U\in L^{2}(\mathrm{R}^{2}/\Lambda)$ :
(1) $L^{\mathit{2}}(\mathrm{R}^{2}/\Lambda)$ $\{U_{n}\}$: $U\in L^{2}(\mathrm{R}^{2}/\Lambda)$ .
$(Z)$ $R(U_{n_{i}},\overline{U}_{n_{1}}, k, 0)$ , $R(U,\overline{U}, k, 0)$ .
2.4.3






([Sch], ProPosition 3.52). $F\in\overline{\mathcal{M}}_{\Lambda,\eta}$ (hor-





$(\mathrm{i}’)(\mathrm{Q}\mathrm{u}\mathrm{a}\mathrm{s}\mathrm{i}- \mathrm{m}\mathrm{o}\mathrm{m}\mathrm{e}\mathrm{n}\mathrm{t}\mathrm{a}(\mathrm{i}’)):\mathrm{Y}$ , $\sigma$ . $\sigma^{*}k$
, $-k$ .
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$(\mathrm{v}\mathrm{i})(\mathrm{Q}\mathrm{u}\mathrm{a}s\mathrm{i}- \mathrm{m}\mathrm{o}\mathrm{m}\mathrm{e}\mathrm{n}\mathrm{t}\mathrm{a}(\mathrm{v}\mathrm{i})):Y$ , $\sigma$ .
$\sigma^{*}k$ , $-k$ .
,
$\ell_{1}(\Lambda^{*}):=\{t : \Lambda^{*}arrow \mathbb{C},\sum_{\kappa\in\Lambda}. |t(\kappa)|<\infty\}$
,
$\ell_{1}^{+}(\Lambda^{*}):=$ {$t\in\ell_{1}(\Lambda^{*})|$ $\kappa\in\Lambda^{*}$ , $t(\kappa)\in \mathrm{R},$ $t\geq 0$}
. $\mathrm{w}>0$ ,
$\mu:\{U\in L^{2}(\mathrm{R}^{\mathit{2}}/\Lambda)|4||U||_{L^{2}}^{\mathit{2}}\leq w\}\ni Uarrow F(U,\overline{U})\in \mathcal{M}_{\Lambda,\eta,w}$
, \mu ,
$L^{2}(\mathrm{R}^{2}/\Lambda)\ni Urightarrow t\in\ell_{1}^{+}(\Lambda^{*})$ , $t(\kappa):=|\hat{U}(\kappa)|^{2}$ $(\kappa\in\Lambda^{*})$
. , U^ U .
([Si], Theorem 3. $57\rangle$ . $\mathcal{M}_{\Lambda}$ $\ell_{1}$ (A Banach Banach
. , \Lambda ,\eta , (\Lambda r)-
. , Fermi ,
(Ar) . , ,
.
, ([Sch], Proposition 3.52) .
3 Weierstrass (generalized Weierstrass functional)
. Weierstrass ( $[\mathrm{S}\mathrm{c}\mathrm{h}|$ , Weierstrass potentia11.3): $U\in$
$L^{2}(\mathrm{R}^{2}/\Lambda)\text{ }$ . DU , (PC)
$\psi=$ , Weierstrass .
$(\mathrm{P}\mathrm{C})$ ( $[\mathrm{S}\bm{\mathrm{i}}]$ , Periodicity condition 1.1): 2 1 $\psi_{1}^{2}dz-\psi_{2}^{2}d\overline{z}$,
$\psi_{\mathit{1}}\psi_{\mathit{2}}dz+\psi_{l}\psi_{\mathit{2}}d\mathit{2}\text{ }$ , $\mathrm{R}^{2}/\mathrm{A})\text{ }1$- .
. Weierstrass $U$ Fermi , Weierstrass .
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. $(\mathrm{S}\mathrm{C})$ ( $[\mathrm{S}\mathrm{c}\mathrm{h}]$ , Singularity condition 5.3): $[\kappa/2]\in \mathcal{F}(U, U)/\Lambda^{*}$ $\kappa\in\Lambda^{*}$
. , $\nu:Narrow \mathcal{F}/\Lambda^{*}$ $[\kappa/2]\in \mathcal{F}/\Lambda^{*}$ $\nu^{-1}([\kappa/2])$
, $dp_{1},dp_{2}$ 2 , , 6 , , 4
. , , $dp_{2}/dp_{1}$ , $\eta$
2 .
,
$\mathcal{M}_{\Lambda,\eta,\sigma,\mathrm{S}\mathrm{c}:=}$ { $\mathcal{F}\in \mathcal{M}_{\Lambda,\eta,\sigma}|F$ $(\mathrm{S}\mathrm{C})$ }.
,
( $[\mathrm{S}\mathrm{c}\mathrm{h}|$ , Theorem 5.4).
$\mathcal{M}_{\Lambda,\eta,\sigma,\mathrm{S}\mathrm{C}}=$ {$F\in \mathcal{M}_{\Lambda,\eta,\sigma}|F$ la Weierstrass $\mathrm{f}\mathrm{f}\mathrm{i}\text{ }$ }.
. $(\mathrm{W}\mathrm{S}\mathrm{C})$ ( $[\mathrm{S}\mathrm{c}\mathrm{h}]$ , Weak Singularity condition 4.2): $[\kappa/2]\in F(U, U)/\Lambda^{*}$
$\kappa\in\Lambda^{*}$ . , $\nu$ : $\mathcal{N}arrow \mathcal{F}/\mathrm{A}^{*}$ $[\kappa/2]\in F/\Lambda^{*}$
$\text{ }\nu^{-1}([\kappa/2])\text{ }$ , 4 , , 2
.
. (WSC) $\overline{\mathcal{M}}_{\Lambda,\eta_{)}\sigma}$ – Fermi , Weier-
stras8 .





$\overline{\mathcal{M}}_{\Lambda,\eta,\sigma,\mathrm{W}\mathrm{s}\mathrm{c}_{\mathrm{W}}:=\mathcal{M}_{\Lambda,\eta,\sigma,\mathrm{W}\mathrm{S}\mathrm{C},\mathrm{w}}}$, ( ) .
, :
(a) $\mathrm{w}>0$ , $\overline{\mathcal{M}}_{\Lambda,\eta,\sigma,\mathrm{w}}$ , .




$\mathcal{W}$ , . $\mathcal{W}$ , Weierstrass
(generalized Weierstrass functional) .
, Weierstrass $W$ , $\overline{\mathcal{M}}_{A,\eta,\sigma,\mathrm{w}}$ . ,
.
3.1 Weierstrass
: Weierstrass $\mathcal{W}$ $\overline{\mathcal{M}}_{A,\eta,\sigma,wsc_{\mathrm{W}}}$, $F$ ,
.
. $F\in\overline{\mathcal{M}}_{\Lambda,\eta,\sigma}$ , $F/\Lambda^{*}$ $N$ $\rho$ ( ) 2
, ( $\mathrm{d}\mathrm{i}\mathrm{v}\mathrm{i}\mathrm{d}\mathrm{i}\text{ }$ real part) .
([Sch], Corollary 3.54) , $\text{ }F\in\overline{\mathcal{M}}_{\Lambda,\eta,\sigma}\text{ }$
.
Weierstrass :
([Sch], Theorem 4.9). Weierstrass $\mathcal{W}$ A,\eta \eta ,\mbox{\boldmath $\sigma$},WSC,w
$F$ , – :
$(a)$ .









Weierstrass $\mathcal{W}$ $\overline{\mathcal{M}}_{\Lambda,\eta,\sigma,WSC}$ $F$ , $\mathcal{W}(F)\leq \mathrm{w}$




$\mathcal{W}(F)\leq 8\pi$ – Weierstrass .
$\overline{\mathcal{M}}_{\Lambda,\eta,\sigma}=\bigcup_{\mathrm{w}>0}\overline{\mathcal{M}}_{\Lambda,\eta,\sigma,\mathrm{w}}$ .
. $[k’]$ $\in \mathbb{R}^{2}/\Lambda^{*}$ ,
$\{\overline{\mathcal{F}}\in\overline{\mathcal{M}}_{\Lambda,\eta,\sigma}|[k’]\in F/\Lambda^{*}\subset \mathbb{C}^{2}/\Lambda^{*}\}$
– , – $F_{\min}([k’])$ . ,
(3.1) $F_{\min}:\mathrm{R}^{2}/\Lambda^{\mathrm{r}}\ni[k’]\mapsto F_{\min}([k’])\in\overline{\mathcal{M}}_{3,\Lambda,\eta,\sigma,4\pi}$
, in([kk’])\in $\overline{\mathcal{M}}_{3,A,\eta,\sigma,4\pi}$ , $\sigma$- Fermi . ,
$\overline{\mathcal{M}}_{3,A,\eta,\sigma,4\pi,\mathrm{h}\mathrm{y}\mathrm{p}\mathrm{e}11}:=$ { $\overline{F}\in\overline{\mathcal{M}}_{3,\Lambda,\eta,\sigma,4n}|$ $\sigma$- Fermi }
. – ${\rm Im}(F_{\min})$ ,
(3.2) $\overline{\mathcal{M}}_{3.\Lambda,\eta,\sigma,4\pi,\mathrm{h}\mathrm{y}\mathrm{p}\epsilon 11}\supset{\rm Im}(F_{\min})\cong[0,4\pi]$
. , $[0,4\pi]$
(3.3) $F_{\min}$ : $[0,4\pi]\ni \mathrm{w}rightarrow F_{\min}(\mathrm{w})\in\overline{\mathcal{M}}_{3,\Lambda,\eta,\sigma,4\pi}$
.
,
([SCh], Corollary 4.14). $0\neq[\kappa/2]\in\Lambda^{*}/2\Lambda^{*}$ ,
$\{\overline{F}\in\overline{\mathcal{M}}_{\Lambda,\eta,\sigma}|[\kappa/2]\in F/\Lambda^{*}\subset \mathbb{C}^{2}/\Lambda^{*}\}$
– , – $\min(\kappa/2)$ . ,
\mbox{\boldmath $\sigma$}\leftrightarrow , 2 .
, – 8\mbox{\boldmath $\pi$} – Willmore




$\mathrm{R}^{2}/\Lambda$ $\tau\in \mathcal{T}$ – Willmore




. $\tau\in \mathcal{T}_{1}$ . Willmore
$\mathcal{W}:\mathrm{C}\mathrm{I}\mathrm{m}\mathrm{m}(\mathbb{R}^{2}/\Lambda, \mathbb{R}^{3})\ni Frightarrow\int_{\mathrm{R}^{2}/\Lambda}H^{2}dA\in \mathrm{R}$
$F$ , Willmore (constrained Willmore
torus) .
([Sch], Corollary 5.10). Willmore .
, Willmore .




3 , , Fermi
3 , $\mathrm{W}\mathrm{i}\mathrm{U}\mathrm{m}\mathrm{o}\mathrm{r}\mathrm{e}$
– – Willmore
N. Hicthin [Hit] , 3





(generalized complex Ferml $\mathrm{c}\mathrm{u}\mathrm{r}\mathrm{v}\mathrm{e}\mathrm{s}$) , ? ,
Wi more ? ,
, Fermi
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